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To obtain baseline data for future studies on such 
processes as wound healing, carcinogenesis, and blister-
ing, a morphometric analysis of the dermal-epidermal 
junction was undertaken on normal skin from 3 or 4 
standard sites on the arm and leg of 12 subjects aged 
20-60 years. Lamina densa was thinner in females than 
in males (p < 0.01) but no sex difference was apparent 
for lamina Iucida. Both laminar elements were thinner 
beneath melanocytes than beneath keratinocytes. Sex, 
age, and body region had no apparent influence on num-
bers of hemidesmosomes or basal cell plasm alemmal ves-
icles, nor was there a significant variation of these struc-
tures among individuals. Numbers of dermal microfibril 
bundles diminished with age (p < 0.01). Anchoring fibril 
counts varied widely both among individuals (p < 0.025) 
and within the same subject; there were fewer in the 
upper arm compared with different parts of the leg (p < 
0.005). 
These results emphasize the importance of appropri-
ate controls in studies of physiologic and pathologic 
conditions involving the dermal-epidermal junction. 
The dermal-epidermal junction (DEJ) has a complex ultra-
structural (Fig 1) and biochemical organization [1-3] although 
little is known about the functional interaction of its compo-
nents. 
The hemidesmosomes (HD) have been variously considered 
as attachment devices uniting the epidermis and dermis [ 4- 7], 
as specializations for the transfer of signals and transport of 
extracellular material across the DEJ (8], and as possible 
organizers of basement membrane synthesis inferred from stud-
ies of basement membrane formation (9,10] . Plasmalemma! 
vesicles (PV) form part of the complex intracellular membrane 
system and undertake endocytosis and exocytosis of low-mo-
lecular-weight solutes, soluble macromolecules, and small col-
loidal particles [ 11], and thus are presumably instrumental in 
the synthesis and turnover of the DEJ. Coated PV are involved 
in surface plasma membrane recycling and receptor-mediated 
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endocytosis [11]. The strong union between anchoring fibrils 
(AF) and lamina densa (LD) [12], which are products of dermis 
and epidermis, respectively (9], suggests that AF play an im-
portant role in dermal-epidermal adhesion . Dermal microfibril 
bundles (DMB) represent the terminal arborizations of the 
dermal elastic system (13,14] and may contribute to the an-
chorage of the basement membrane (13,14]. The lamina Iucida 
(LL) and the LD constitute a virtually uninterrupted interface 
between normal epidermis and dermis, and, together, they are 
probably responsible for many of the functional properties that 
have been attributed to the epidermal basement membrane 
[1,15]. 
Interpretation of morphologic observations on the DEJ in 
processes such as wound healing, inflammation, neoplastic 
spread, and blister formation has been restricted by the paucity 
of quantitative data available from normal DEJ. Although 
morphometric and stereologic techniques have been applied to 
epidermis [16,17], there has been little emphasis on the com-
ponents of normal basement membrane zone. The aim of the 
present study was to obtain quantitative morphologic data on 
the normal human DEJ as a baseline for the objective analysis 
of structural changes occurring in various disorders, particu-
larly hereditary and acquired bullous diseases. The influence of 
body region, sex, and age on the numerical densities of the 
nonlaminar components and on the dimensions of the laminar 
elements of the DEJ was assessed. 
MATERIALS AND METHODS 
Tissue Samples 
Skin was obtained by punch or ellipse biopsy from 7 male and 5 
female healthy volunteers, aged 20-60 years, from 3 anatomic sites, the 
inner aspects of the lower leg, thigh, and upper arm. In 5 of these 
subjects (2 female, 3 male) an additional sample was taken from the 
extensor aspect of the knee. Care was taken to infiltrate the local 
anesthetic around the biopsy site. 
Tissue Processing 
The tissue was processed for electron microscopy in a standard 
fashion . Primary fixation was for 3-4 h at room temperature in 2% 
formaldehyde and 2.5% glutaraldehyde in 0.04 M (final concentration) 
cacodylate buffer [18], containing 0.05 % calcium chloride and 5% 
sucrose, adjusted to pH 7.4, and with a final osmolarity of 1230 mOsm/ 
kg. During fixation samples were divided into slices approximately 1 
mm thick. They were then washed in several changes of 0.067 M 
cacodylate buffer with 0.05% calcium chloride and 5% sucrose (final 
osmolarity 306 mOsm/kg) for a total of 15 min, and stored in the same 
buffer at 4 ' C for up to 7 days. Postfixation was in 1.3% osmium 
tetroxide buffered with 0.067 M s-collidine (pH 7.4) for 2 h on ice, and, 
after dehydration in a graded ethanol series, the tissue was embedded 
in Epon 812 via propylene oxide. Each of the fragments of a skin 
sample was embedded in a separate block of resin. 
Preparation of Sections 
Semithin (1 ILml sections were cut from randomly selected blocks, 
orientated to ensure sectioning perpendicular to the skin surface, and 
stained with Giemsa or by the method of Richardson et al [19] and 
examined under oil immersion with a light microscope. An interappen-
dageal segment of DEJ, usually at the center of the section, was 
selected, after excluding obliquity of DEJ as judged by the presence of 
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FIG 1. Schematic diagram of the dermal-epidermal junction. LL, 
lamina Iucida; LD, lamina densa; AP, attachment plaque of hemides· 
mosome; T , tonofi laments; DP, sub-basa l dense plate; AFL, anchoring 
fi laments; PV, plasmalemmal vesicles; AF, a nchoring fibri ls; DMB, 
derma l microfibril bundle; C, collagen fibri l. 
dermal or epidermal islands and downward "streaming" of basal epi-
dermal cells. Ultrathin sections with a silver interference color (60- 90 
nm) w e re cut on an OMU-4 ultramicrotome (Reichert-Jung, Vienna, 
Austria) and collected on Formvar or Pioloform-coated copper hexag· 
ona l (200 HH) grids (Gilder Grids, Grantham, England). The sections 
wer e d o uble-stained with a 6% aqueous solution of uranyl acetate (pH 
4.5) for 15- 25 min at room temperature and lead cit rate (20] for 5- 8 
min, carbon-coated, and viewed in a horizonta l plane with a JEOL 100 
CX electron microscope at an acce lerating voltage of 60 kV. 
Selection of a section for micrography depended upon the presence 
of an a dequate length of DEJ between grid bars with no wrinkles, tears, 
or stain contamination. 
Electron micrographs of overlapping fields of the DEJ , taken at a 
magnifi cation of approximate ly l4 ,500x, were printed with an auto· 
mated system (Rapidoprin t, Agfa -Gevaert, Leverkusen, Germany) , and 
the ung lazed prints assembled into a montage, with a fin al magnifica· 
tion of approximate ly 43,000X. The precise magnification was deter· 
mine d fo r each montage with a ca libration grating (2160 lines/ mm). A 
preliminary study had shown negligible stretching of prints (_less than 
0.3% ) by the Rapidoprint but a 2.4 % lengthenmg 1f t he pnnts were 
glazed. 
Morpho metry 
A M .O.P. semi -automatic image analys is syste m (Reichert-J ung, 
Vienna, Austria) was used to delineate 40-!lm lengths of LD and basal 
plasma membrane, commencing measurement at one end of t he mon-
tage . DEJ associated with melanocytes, contamination, or folds , or 
thrown in to tight undulations, which wou ld make accurate analysis of 
sub-LD components impossible, was excluded. On average, this length 
of DEJ s panned the basa l surface of 2- 4 keratinocytes, and was chosen 
as being wi thin the restriction imposed by t he distance between grid 
bars yet providing counts which were large enough to a llow meaningful 
analysis. 
Coun ting of Nonlaminar Components 
The numerical densities of HD and PV, with respect to t he basa l 
plasma m embrane, and of AF and DMB, with respect to the LD , were 
determ ined. All coun ts were made by the same observer, and for all 4 
structures strict criteria were established fo r inclusion: an HD was 
defi n e d as a discrete elect ron-dense structure in contact with the 
cytoplasmic surface of the basal plasma membrane; a PV was included 
only if it remained in contact with t he basal plasma membrane, and 
counts included both open vesicles (pits) and closed vesicles, coated 
and uncoated; an AF was coun ted only if it united wit h the LD and 
demonstrated irregular banding of t he cent ra l portion or fanning of its 
extremities or both these characte ristics, thus avoiding confusion with 
elastic microtubules, collagen fibril s, and irregularities of the LD; a 
DMB was required to make contact with the LD. 
To test the reproducibility of t he counts, 4 randomly selected mon· 
tages were reprinted and the segments of DEJ used for the original 
coun ts were marked out. The HD, PV, AF, and DMB were recounted 
without knowledge of the original va lues. 
In addition to counting the HD, their appearance was examined in 
detail by calculating t he percentage that exhibited a sub-basal dense 
plate (SBDP) (see Fig 1) wit hin a given plane, and by measuring the 
cross-sectional area of the attachment plaques using the M.O.P. image 
analysis system. The presence of a visible SBDP indicates that the axis 
of the HD is approximately perpendicular to t he electron beam, and 
the measurement of attachment plaque area was thus confined to HD 
which exhibited a SBDP. These were selected in a systematic manner, 
consecutive, alternate, or every fi fth HD being measured. The effect 
on the appearance of the HD of t ilting t he section, using a goniometer 
in the electron microscope, around an ax is running along the LL, was 
also studied. 
Measurement of Laminar Components 
Measurements of the laminar components of the DEJ were made on 
3 photographic fields in each montage, one from each end and one from 
the midpoint of the measured portion of DEJ, which were further 
enlarged to approximately 116,000x. The precise magnification was, as 
before, obtained with a calibration grating. 
From each field, the dimensions of the LL and the LD were recorded 
at 2 HD and at 2 points between HD , a total of 12 measurements of 
LL and of LD from each montage. The interhemidesmosomal points 
were selected approximately halfway between diffe rent pairs of HD at 
regions where the borders of the LL and LD were well demarcated and 
could be measured with accuracy. Measurements were made by drawing 
a tangent to the dermal margin of t he LD and dropping a perpendicular 
to the basal plasma membrane, along which the thicknesses of the LL 
and the LD were determined to the nearest one-tenth of a millimeter 
using either an ocular grat icule or the image analysis system. The 
measurements were then converted to their t rue va lue in nm. 
The LL and LD beneat h 13 melanocytes (4 from the thigh, 4 from 
the knee, 3 from the arm, and 2 from the lower leg) from 5 subjects 
were similarly measured. For each cell , a representative segment of 
DEJ was se lected and enlarged, and up to 4 measurements made of LL 
and LD. 
Tests for Variation among Samples 
In order to assess t he degree of variation for counts of nonlaminar 
components and dimensions of the laminae wit hin a single body region, 
2 skm samples, about 1 em apart , were obtained from the inner thigh 
of one volunteer, and, from each sample, 3 blocks were selected at 
random. From each block a montage was prepared and counts and 
measurements made, resul t ing in 6 sets of data fo r a single site from 
one subject. In addit ion, coun ts and measurements were made from 2 
blocks from a single skin sample from the lower leg of the same 
individual. Furthermore, 4 montages from other subjects were of suf-
fi cient length to accommodate 2 40-l'm segments of DEJ and a fifth 
montage allowed 3 segments to be de lineated. Each length of DEJ was 
assessed independently. 
Statistical Analysis 
Data from 53 segments of DEJ from the 12 subjects were pooled and 
subjected to an analys is of va riance using the G LIM statistica l package 
121], which enabled t he effects of body region, subsite (beneath and 
between hemidesmosomes), and individual difference to be assessed 
independent ly. 
RESULTS 
The variation between the repeated counts was expressed as 
the within-observer variance and standard deviation (Table I) , 
and is a m easure of subjective influence on reproducibility. The 
results show that HD, PV, a nd DMB counts are subject to a 
s mall a mount of observer variation, which, h owever, assumes a 
much greater importance in the estimation of AF numbers. 
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The variation present in multiple counts and measurements 
from t he same body region of an individual was calculated from 
the sets of duplicate intraregional data, and expressed as t he 
within -subject variance and standard deviation (Tables II, III) . 
HD counts are quite consistent within the same body region, 
whereas PV, AF, and DMB counts vary to a much greater 
extent. The LL beneath the attachment plaques of the HD 
demonstrated the least intraregional variation, suggesting that 
the HD-associated LL is relatively constant in thickness within 
a part icular body region. However, LL between HD and LD in 
both subsites are subject to much greater variation within a 
single body region. 
Counts of Nonlaminar Components 
The data for HD, PV, and AF fell into a Gaussian distribu-
tion, and, for the purpose of statistical analysis, the data for 
DMB were assumed to conform to a Poisson distribution. The 
overall mean HD count was 71.7 ± 1.4 (SEM) per 40 !Lm of 
basal plasma membrane [1.8 ± 0.04 (SEM) per !Lm], with a 
TABLE I. Observer variation in counts of dermal-epidermal junction 
components 
Component 
Hemidesmosomes 
P lasmalemmal vesicles 
Anchoring fibrils 
Dermal microfibril bundles 
Within -observer Within-observer 
va riance... sta ndard deviation a 
11.8 3.4 
13.8 3.7 
99.4 10.0 
1.0 1.0 
"Calculated from the differences between repeated counts from 4 
randomly selec ted montages. 
TABLE II. lntraregional variation in counts of dermal-epidermal 
junction components 
Component 
Hemidesmosomes 
Plasmalemma! ves icles 
Anchoring fibril s 
Dermal microfibril bundles 
Within-subject Within -subject 
varianceo standard deviation (I 
41.9 6.5 
77.1 8.8 
327.1 18.1 
1.7 1.3 
"Calculated from the differences between individual counts and the 
appropriate mean for subject and region, using duplicate sets of data 
from 4 subjects. 
TABLE Ill. Jntraregional variation in lamina Lucida and lamina densa 
dimensions 
Subsite 
LL beneath HD 
LL between HD 
LD beneath HD 
LD between HD 
Within-subject 
variance ... 
34.2 
23 1.2 
111.9 
144.3 
Withi n-subject 
standard deviation• 
5.8 
15.2 
10.6 
12.0 
Abbreviations: LL = lamina Iucida, HD = hemidesmosomes, LD = 
lam ina densa. 
• Derived from the duplicate intraregional data using the differences 
between the mean lamina dimension for t he individual montage and 
t he overall mean for the corresponding subject and region. 
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FIG 2. Effect of ti lting the specimen on hemidesmosome appear -
ance. With the section at an angle of 20" below t he horizontal, t he sub-
basal dense plates a re not visible in any of the three hemidesmosome 
( -20). As the section is ti lted around an axis running along the lamina 
Iucida, the sub-basal dense plates start to appear wi th the section in a 
hori zontal plane ( 0), and are most clearly seen wi th the section at 20" 
above the horizontal ( +20 ). Further t ilt ing of the specimen results in 
the images of the sub-basal dense plates once more merging with those 
of the attachment plaques ( +40 ). Calibration bar= 0.25 11 m. 
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FIG 3. Schematic diagram to illustrate the effect of tilting the spec-
imen on hemidesmosome appearance. A, Obliquely sectioned hemides-
mosome showing the sub-basal dense plate (DP) to be partially ob-
scured by the attac hment plaque (AP), and thus incompletely resolved 
in the photographic plane. B, Til ting of the section to bring t he 
hemidesmosome axis perpendicula r to the electron beam resul ts in 
clear definition of attachment plaque and sub-basal dense plate. 
TABLE IV. Regional variation in counts of components calculated for 40 11m of derma.l-epidermal ju.nction" 
Site 
Lower leg (12)" 
Thigh (1 2) 
Upper arm (12) 
Knee (5) 
Hemidesmosomes 
66.1 (54.6- 77.6) ' 
74.0 (62.5- 85.5) 
71.4 (59.9- 82.9) 
75.1 (61.0- 89.2) 
"Adjusted to allow for individual differences. 
"Number of subjects. 
' Mean and 95% confidence inte rvals for the mean. 
Plasmalemma! 
vesicles 
25.8 (14.1 - 37.5) 
27.1 (15.5- 38.7) 
20.9 ( 9.2- 32.6) 
32.9 (18.7- 47.1) 
Anchoring Dermal microfib ril 
fib rils bundles 
63.5 (38.3-88.7 ) 0.8 (0.3- 1.4) 
61.9 (36.8- 87.0) 1.0 (0.4- 1.6) 
37.1 (11.9- 62.3) 1.0 (0.4- 1.6) 
51.7 (21.0-82.4) 0.7 (0.2-l.l) 
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range of 49-98 per 40 f.Lm. There was no regional variation in 
HD numbers and no significant intersubject variation, and 
neither age nor sex influenced the numerical density of HD. 
The regional means, adjusted to allow for inter-subject varia-
tion, are shown in Table IV. Of 2297 HD in continuous lengths 
of DEJ from 33 montages, photographed with the section in a 
horizontal plane, 721 (31.4%) exhibited a SBDP. The effect of 
tilting the section in the electron microscope on the appearance 
of the HD is shown in Fig 2. A previously obscured SBDP may 
be rendered visible as its plane assumes a vertical orientation 
(Fig 3). The mean cross-sectional area of 229 attachment 
plaques from HD demonstrating a SBDP, systematically se-
lected from 9 subjects, was 7461 nm2 ± 247 (SEM), ranging 
fro m 792 nm2 to 20,128 nm2 • The data for attachment plaque 
dimensions approximated to a Gaussian distribution. 
The mean PV count was 25.5 ± 1.4 (SEM) per 40 J.Lm basal 
plasma membrane [0.6 ± 0.04 (SEM) per J.LmJ. with a range of 
10-52 per 40 J.Lm. PV tended to occur in clusters over short 
lengths of DEJ, and of 1271 PV from measured lengths of DEJ 
in 50 montages, 20 (1.6%) were coated. There was no significant 
regional or inter-subject variation in PV numbers, and no 
influence of either age or sex. The regional means, adjusted to 
allow for inter-subject variation, are shown in Table IV. 
The AF counts varied widely, ranging from 11-120 per 40 
JLm lamina densa. The variation among individuals was statis-
t ically significant (p < 0.025) , but further analysis showed that 
this was not due to the influence of either age or sex. Table IV 
shows the regional means, adjusted for inter-subject variation. 
There was a highly significant regional variation (p < 0.005) 
with fewer AF in the upper arm compared with the other 3 
regions. AF dimensions were also very variable. The cross-
banded central portion seldom exceeded 40 nm in diameter, 
and the total length was rarely greater than 450 nm. 
The overall mean DMB count was 1.1 ± 0.2 (SEM) per 40 
f.lm lamina densa, with a range of 0-4 per 40 J.Lm . There was no 
influence of body region on DMB numbers (Table IV). How-
ever, there was significant intersubject variation (p < 0.05) and 
a significant age effect, with fewer DMB in older subjects (p < 
0.01), but no sex influence. 
Measurements of Laminar Components 
There was a significant regional variation in the thicknesses 
of both LL (p < 0.05) and LD (p < 0.005) . The regional means, 
adjusted to allow for the variation among individuals and 
among subsites, showed the LL to be thicker in thigh and arm 
skin than in the lower leg and knee, and the LD to be thinner 
in knee skin than in the other body regions (Table V). 
The subsite also exerted a significant effect on laminae 
dimensions (Table VI). The LL between HD was thicker than 
that associated with HD (p < 0.005). The opposite, however, 
was true for LD width which was greater beneath HD than 
between them (p < 0.025) (Fig 4). 
There was a significant degree of inter-subject variation for 
both LL (p < 0.025) and LD (p < 0.005) dimensions. Further 
analysis showed that this difference among individuals was not 
due to the influence of age. However, the width of the LD in 
females was narrower than in males (p < 0.01). No sex differ-
ence was present for the LL. 
Foci of reduplication of the LD were present in 36 of 51 
(71 %) measured segments of DEJ. 
Statistical analysis of 52 measurements of melanocyte-asso-
ciated DEJ from 5 subjects revealed significant individual dif-
ferences in LL (p < 0.005) and LD (p < 0.01) thicknesses. 
There was also a significant regional variation in LL (p < 
0.005) and LD (p < 0.005) dimensions, both structures being 
thinner in the lower leg and knee than in arm and thigh (Table 
VII). Comparison of the regional means with those for inter-
hemidesmosomal LL and LD suggest that both the laminar 
elements are thinner in melanocyte-associated than in keratin-
ocyte -associated DEJ (Fig 5). 
TABLE V. Regional mean Lamina Iucida and Lamina densa dimensions 
Site 
Lower leg (12)" 
Thigh (12) 
Upper Arm (12) 
Knee (5) 
Lamina Iucida 
46.7 ± 3.2b 
51.3 ± 3. 1 
50.9 ± 3.2 
46.4 ± 3.8 
Lamina densa 
77.3 ± 3.4 
74.4 ± 3.4 
74.8 ± 3.4 
63.0 + 4.1 
"Number of subjects in parentheses. 
b Mean in nm ± SEM adjusted for inter-subject and subsite differ-
ences. 
TABLE VI. Influence of subsite on lamina Iucida and Lamina densa 
dimensions 
Subsite 
Beneath hemidesmosomes 
Between hemidesmosomes 
Lamina Iucida 
43.8" ± 3.2 
53.8< ± 3.2 
Lamina densa 
74.2 ± 3.4b 
70.6 + 3.4 
" Mea n nm ± SEM adjusted to allow for regional and individual 
differences. 
b Significantly thicker than between-hemidesmosome measurement 
(p < 0.025). 
<Significantly thicker than beneath-hemidesmosome value (p < 
0.005). 
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FIG 4. Micrograph of derma l-epidermal junction showing t he vari-
atiOn 111 lammar d1mensions in relation to t he hemidesmosomes. Lam-
ma densa tends to be thicker beneath, and lamina Iucida thicker 
between, hemidesmosomes. DMB =de rma l microfibril bundle. Calibra-
twn bar = 0.5 11111. 
TABLE VII. Comparison of lamina Iucida and /am1:na densa 
dimensions beneath heratinocytes and melanocytes 
Site 
Lamina Iucida Lamina densa 
Melanocyte Keratinocyte• Melanocyte Keratinocyte 
Lower leg 19.9b ± 4.2 51.7 ± 5.4 38.2 ± 7.4 75.5 ± 4.8 
Thigh 46.4 ± 5.1 56.3 ± 5.4 59.7 ± 9.0 72.6 ± 4.8 
Upper 40.4 ± 3.8 55.9 ± 5.4 74.3 ± 6.7 73.0 ± 4.8 
arm 
Knee 20.9 ± 2.6 51.4 ± 6.6 33.3 + 4.5 61.2 + 5.9 
" La minar dimensions between hemides mosomes were used for com-
parison with melanocyte data. 
1
' Mean in nm ± SEM adjusted for inter-subject differences. 
DISCUSSION 
The application of morphometric and stereologic methods to 
electron microscopy is governed by well-established principles 
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FIG 5. Micrograph of dermal-epidermal junction demonstrating the 
tendency for the laminar elements to be narrower beneath melanocytes 
(M) than keratinocytes (K). Note duplication of lamina densa (arrow). 
Calibration bar= 0.5 I'm. 
(22], and a prerequisite for any quantitative analysis is that the 
sample should be representative. In the present study, inter-
appendageal, keratinocyte-associated DEJ was examined and 
apart from the exclusion of segments of obliquely sectioned o; 
technically unsatisfactory tissue, no other selection factors were 
present. The inner aspects of the upper arm, thigh, and lower 
leg were chosen for study because they are relatively protected 
from actinic damage, enable comparison of acral and proximal 
skin, and because biopsy in these areas met with a high degree 
of donor acceptability. The extensor aspect of the knee, how-
ever, differs by being subjected to greater degrees of friction 
and stretching. 
The variation in multiple counts from the same body region 
of an individual (Table II) is due not only to intrinsic differ-
ences but also to the difficulty in accurately identifying DEJ 
components (Table I). In quantifying small structures, the 
Holmes effect [23] , whereby a variation in section thickness 
may cause a marked variation in counts, should be considered. 
In this study, only sections with a silver interference color were 
used, but, even so, the range of thickness (60-90 nm) may 
influence the counts of relatively small structures such as AF 
while larger structures such as HD and PV are less affected: 
Furthermore, although all tissue was processed in an identical 
fashion, the variable staining of AF affected the ease of count-
ing. This capriciousness may be avoidable in future morpho-
metric studies by the use of a specific histochemical stain for 
AF [24], or perhaps a monoclona l antibody (25]. 
HD counts are consistent from subject to subject and unin-
fluenced by age, sex, or body region. It is of interest that the 
numbers of HD in human skin are similar to those found in 
human gingiva [26], and in cultures of human epidermal cells 
[27] and human cornea [28]. 
The decision to count only those PV contiguous with the 
plasma membrane enabled reproducible identification of a sub-
population of PV. The clustering of PV possibly reflects focal 
cellular activity. 
There was a marked personal idiosyncracy in AF counts 
which could not be accounted for by the influence of age or sex: 
Very little quantitative information on AF in human skin is 
available. In one report [29], counts in normal buttock skin 
from a single subject were almost 3 times the value of the upper 
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limit of the range in the present study, possibly because of the 
use of different criteria. Although the criteria for AF adopted 
in this study probably resulted in an underestimation, they 
define a population of AF that can be validly used for compar-
ative purposes. The regional variation in AF numbers is diffi-
cult to explain in functional terms, but when considered to-
gether with the uneven distribution of AF along the DEJ, it 
emphasizes the potential pitfalls in an uncontrolled evaluation 
of these junctional components from short lengths of DEJ. 
The decline in the numbers of DMB in aged skin may be 
part of the degenerative effect of age on dermal elastic tissue. 
DMB probably contribute to the maintenance of the convoluted 
topography of the DEJ, and so this reduction may be associated 
with the progressive flattening of the DEJ that occurs with 
aging (30,31]. 
The extensor aspect of the knee is subject to a greater degree 
of trauma and stretching than the other 3 sites, yet the lack of 
variation in numbers of HD and other junctional components 
between the knee and the other regions questions the possible 
role of these structures in withstanding mechanical deforma-
tion. 
The difference in laminar thicknesses beneath the attach-
ment plaques, compared with interhemidesmosomal DEJ, sug-
gests that the HD is a structural unit which includes not only 
the attachment plaque and associated tonofilaments but also 
the underlying SBDP, anchoring filaments, and LD. It is our 
impression and that of others [1,28] that AF occur frequently 
beneath HD and thus may also be part of this unit. 
The marked differences among individuals suggest that LL 
and LD dimensions, like many physical characteristics, are 
subject to idiosyncratic tendencies. Age has no influence on 
epidermal basement membrane thickness, as has been noted 
previously [32], although muscle capillary basement membrane 
width may be thicker in distal regions [33-35] and may (32,34] 
or may not [35] increase with age. Female subjects were found 
to have thinner LD than males, the significance of which is 
obscure, although the same sex difference is apparent in muscle 
capillary basement membrane (35]. No data are available, to 
?ur know~edge, on the quantification of type IV collagen, which 
IS the maJOr constituent of LD. 
The LL and LD beneath melanocytes are narrower than 
beneath keratinocytes. Basement membrane is assumed to be 
synthesized by the cell lying on it. Cell culture has demonstra-
ted the synthesis of LL and LD by keratinocytes [10,36], but 
melanocytes have not been shown to produce basement mem-
brane. If all epidermal LL and LD is synthesized by keratino-
cytes, the narrower laminae beneath melanocytes may merely 
reflect an attenuation of keratinocyte-produced DEJ. 
In conclusion, the pronounced influence of individual and 
regionai factors on various ultrastructural components of the 
DEJ emphasizes the importance of adequate controls in studies 
of physiologic and pathologic conditions involving this region. 
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